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ABSTRACT 
 
  The Late Cambrian Potosi and Eminence Dolomites of the Illinois Basin are 
currently being considered as targets for subsurface carbon capture, transport and storage 
(CCS) because of their extensive regional distribution and high intrinsic porosity and 
permeability. Drill core and outcrop samples collected from the center and margin of the 
Illinois Basin have identified multiple events of subsurface dolomitization and quartz 
cementation within dissolution voids (vugs). A detailed petrographic study has therefore 
been undertaken to reconstruct the complex history of post-depositional subsurface 
physical and chemical alteration (diagenesis) of the Potosi and Eminence Dolomites. 
Analysis of the Potosi and Eminence Dolomites was completed at two locations 
within the Illinois Basin, which included: (1) Basin Center - core samples from depths of 
1376-1388 m (4513-4553 ft) retrieved from the Illinois State Geological Survey (ISGS) 
Midwest Geological Sequestration Consortium (MGSC) Illinois Basin-Decatur Project 
(IBDP) CO2 verification well in Decatur, Illinois; and (2) Southwestern Basin Margin – 
outcrops near Potosi, Missouri.  The presence of columnar stromatolites and soft 
sediment burrows observed in the IBDP core, as well as previously described cryptozoan 
algal structures and trilobites, suggest original deposition in shallow marine 
environments. Both the Potosi and Eminence Dolomites are pervasively recrystallized, 
massively bedded dolomitized limestones, which are indistinguishable in outcrop, hand 
sample and thin section analyses. 
 A paragenetic sequence was established in this study via the integrated 
application of sedimentologic, stratigraphic, and high-resolution plane-light (PL) and 
cathodoluminescence-light (CL) petrography techniques.  The original shallow marine 
limestone deposits have been pervasively replaced with 250-550 µm-diameter euhedral 
dolomite crystals that are cloudy-centered, clear-rimmed (CCCR).  Each dolomite crystal 
exhibits a dark CL mauve colored core surrounded by bright red concentrically CL-zoned 
crystal overgrowths. Both the core and outer zones of these crystals exhibit dissolution 
voids, which are either filled with a non-CL replacement calcite or a bright orange CL 
concentrically zoned replacement dolomite. Columnar, euhedral 250 µm to 1 cm-long 
quartz cement crystals grow as drusy rims within dissolution voids. These are composed 
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of seven CL-defined generations of quartz cements, which include: (1) 190-210 µm-thick 
CL dark maroon cement; (2) 95-175 µm-thick CL bright red cement with many CL bright 
defined zones; (3) 30-50 µm-thick dark maroon cement; (4) 200-225 µm-thick cement 
that is dark maroon in color with some light red zones; (5) 85-100 µm this dark red 
cement with no zonations; (6) 80-105 µm-thick dark maroon cement; and (7) 50-100 µm-
thick dark maroon cement with some hexagonal quartz crystals protruding into the pore 
space. Paragenesis concludes with hairline fractures that cross-cut all previous diagenetic 
events.   
The above paragenetic sequence established for the Potosi and Eminence 
Dolomites has been correlated with previously published burial histories and paragenetic 
reconstructions for other Lower Paleozoic strata of the Illinois Basin. This process has 
permitted relative constraints to be placed on the timing and source waters of 
dolomitization, dissolution and silica cementation in the Potosi and Eminence Dolomites. 
Quartz cements in the Cambrian Mt. Simon Sandstone and the overlying Cambrian Eau 
Claire Sandstone yield early-to-late stage cementation δ18O values (28-18‰ VSMOW), 
which suggest they were derived from Si-rich source waters during subsidence and 
associated pressure solution. This suggests that regional quartz cementation took place at 
38 to 103oC at burial depths of 1 to 2.4 kilometers at approximately 450 to 250 years 
before present (Hyodo et al., 2012; Pollington et al., 2011).   The paragenetic sequence 
for the Potosi and Eminence Dolomites established in this study indicates that 
dolomitization and dissolution occurred after deposition but before quartz cementation.  
When evaluated within the context of previously published Illinois Basin burial history 
and quartz cementation, this implies that dolomitization and dissolution of the Potosi and 
Eminence Dolomites occurred at temperatures of approximately 25 to 38oC, burial depths 
of approximately 0 to 1 km, and at an age of approximately 501 to 450 million years 
before present (Hyodo et al., 2012; Pollington et al., 2011; Miller, 2011; Makowitz and 
Lander, 2006; Fishman, 1997; Pitman et al., 1997).   Small dissolution voids and 
replacement dolomites are common in the CCCR dolomite rhombohedra.  This implies 
that dolomitization and dissolution of the Potosi and Eminence Dolomites both took place 
soon after deposition in relatively shallow burial environments. This is also consistent 
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with previously published interpretation of dolomitization events in other Paleozoic strata 
of the Illinois Basin. 
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INTRODUCTION 
 
Carbon dioxide (CO2) sequestration (i.e. the storage of CO2 in underground 
reserves; DOE, 2010), may be a good option when trying to reduce the amount of 
greenhouse gases in the atmosphere that lead to global warming (Ciferno et al., 2010).  
President Obama stated on February 3, 2010, “Rapid commercial development and 
deployment of clean coal technologies, particularly carbon capture and storage, will help 
position the United States as a leader in the global clean energy race.”  The U.S. 
Department of Energy (DOE) is funding the Clean Coal Research Program focusing on 
how to integrate and make affordable carbon capture and storage (CCS; Ciferno et al., 
2010).  The main goal of this research program is providing clean energy with economic 
capability and environmental benefits (Ciferno et al., 2010).  Burning of fossil fuels 
accounted for 71% of the total electricity generation in the US in 2008, and it is this 
process that produces large amounts of carbon dioxide that is released into the 
atmosphere (Ciferno et al., 2010).   
By capturing the emitted carbon dioxide from the burning of fossil fuels and 
permanently storing it using an economically viable method, the burning of fossil fuels 
could continue without harmful environmental consequences while providing a majority 
source of electricity generation in the US (Ciferno et al., 2010).  CCS includes capturing 
the carbon dioxide from a coal burning power plant, compressing and transporting it to a 
storage site, and finally storing it deep within the subsurface to a great enough depth to 
not interfere with fresh water aquifers (Ciferno et al., 2010). 
The Illinois Basin has been targeted by a research study searching for major CCS 
storage units.  This project is being conducted by the Midwest Geological Sequestration 
Consortium (MSGC; http://sequestration.org/) and is led by the Illinois State Geological 
Survey (ISGS).  The U.S. Department of Energy (DOE), National Energy Technology 
Laboratory (NETL) is the primary funding agency for this work.  The DOE Carbon 
Sequestration projects involve research, field-testing, infrastructure development, and 
global collaborations.  Regional Carbon Sequestration Partnerships (RCSPs) and other 
large-volume field tests are included in the “infrastructure component”.  New 
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technologies and increasing efficiency methods are being studied and developed by this 
research (U.S. DOE Atlas 2010). 
In the Illinois Basin (Fig. 1), the only target that has been analyzed has been the 
saline sandstone reservoirs inside the Cambrian Mt. Simon Formation (Dwyer, 2011; 
Miller, 2011; DOE, 2010).  Therefore, this study has been completed in collaboration 
with the ISGS to gain information about the permeability, porosity and diagenetic history 
to determine if the Potosi and Eminence Dolomites could be CCS storage reservoirs in 
the future.  Core from the ISGS Decatur, Illinois verification well in the center of the 
basin along with outcrop samples from near Potosi, Missouri, along the margin of the 
basin have been analyzed in conjunction with one another to provide a regional scale 
study. This work could produce additional units to act as reservoirs or seals for carbon 
dioxide sequestration or waste storage within the Potosi and Eminence Dolomites. 
The Knox Formation is a transgressive/regressive marine sequence that is 
primarily made up of dolomites but also includes some limestone, sandstone and shale 
units (Dwyer, 2011; Kolata and Nimz, 2010).  This project is focused on the Late 
Cambrian Potosi and Eminence Dolomites within the Knox Formation that have a 
regionally widespread, vuggy porosity (Freiburg, 2011; Kolata and Nimz, 2010) that is 
partially occluded with at least seven generations of quartz cements (Fig. 13).   By 
completing a detailed analysis of outcrops and core, in coordination with high-resolution 
microscopy, a complete paragenetic sequence (Fig. 11) for the Potosi and Eminence has 
been established that includes shallow marine deposition, multiple events of 
dolomitization, dissolution, and seven generations of quartz cementation.  Extreme vuggy 
porosity lined with quartz cements provides excellent evidence with which to reconstruct 
why and how these units diagenetically evolved.  It is currently unknown why this vuggy 
porosity stretches from Missouri to Wisconsin and this study attempts to answer the 
question of how, when, and why the porosity lined with silicates formed.  A paragenetic 
sequence of depositional and diagenetic events was established in this study as a temporal 
framework within which to reconstruct the source, timing and temperature of diagenetic 
waters responsible for these events of subsurface alteration. This was completed via the 
integrated application of sedimentological, stratigraphic, high-resolution plane- (PL) and 
cathodoluminescence-light (CL) petrography techniques.  
 
3 
By correlating the paragenetic sequence with burial history data from previous 
literature for the central portion of the Illinois Basin, a relative interpretation of age and 
depth of diagenetic alteration can be inferred. Early quartz cementation within other 
Paleozoic strata of the Illinois Basin, interpreted to have taken place between 250-450 
million years ago (Fig. 16; Hyodo et al., 2012; Pollington et al., 2011; Miller, 2011; 
Makowitz and Lander, 2006; Fishman, 1997; Pitman et al., 1997), implies that 
dolomitization and dissolution must have occurred relatively early or at least after 
Cambrian deposition and before quartz cementation began at 450 million years ago at 
depths of 0 to 1 kilometer and temperatures between 25 to 38°C. The dissolution history 
which post-dates the dolomitization suggesting it occurred at slightly greater depth and 
higher temperatures when correlating wth the Illinois Basin burial history (Fig. 16; 
Hyodo et al., 2012; Pollington et al., 2011; Miller, 2011; Makowitz and Lander, 2006; 
Fishman, 1997; Pitman et al., 1997) is of key interest for CCS studies as permeability and 
porosity are vital factors in determining storage units (Ciferno et al., 2010). 
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GEOLOGIC SETTING 
  
The Illinois Basin, located in the U.S. Midcontinent (Fig. 1), is approximately 
284,900 km2 in size and covers the majority of the state of Illinois as well as portions of 
the neighboring states of Missouri, Kentucky and Indiana (Kolata & Nimz, 2010; Dwyer, 
2011; Buschbach and Kolata, 1990, Leighton et al. 1992).  This oval-shaped intracratonic 
depression has been filled with more than 2 km of Paleozoic marine sandstones, shales 
and limestone carbonates. A complex history of tectonic deformation has affected the 
Illinois Basin since its initial formation in the Precambrian (Miller, 2011; Kolata & Nimz, 
2010). 
A proto-Illinois basin formed during the Precambrian to Late Cambrian above a 
failed rift. This was followed by later rifting due to the New Madrid Rift System that 
resulted in the Reelfoot Rift and Rough Creek Graben.  Further subsidence during the 
early Paleozoic produced a southwest-dipping basin that continued to collect sediment 
(Miller, 2011; Kolata & Nimz, 2010).  During the end of the Paleozoic, uplift of the 
Pascola Arch closed off the southern plunge of the basin.  A north-south trending fault 
and fold zone called the La Salle anticlinorium was reactivated during this time as well as 
other fold/fault zones.  It is the effect of these structures that influenced the stratigraphy 
and sedimentology of all included geologic units (Dwyer, 2011; Kolata and Nelson, 
1997; Pitman et al., 1997; Marshak et al., 2000). 
Subsidence rates varied throughout the Illinois Basin.  Subsidence was greatest in 
the southern region of the basin and resulted in deeper water sediments and thicker units 
towards the south and thinner units in the north (Dwyer, 2011).  This enabled fieldwork 
to be concentrated in Missouri where the full stratigraphic section of interest is present 
and outcropping at the surface. The environment of deposition of the Knox Group is 
thought to be shallow marine (Kolata, 1991b).   
During the Late Cambrian, Trempealeauan Stage the Potosi and Eminence 
dolomites covered most of the Illinois Basin.  The Potosi Dolomite, which is named for 
Potosi, Missouri, where fieldwork was centered, overlies the Derby-Doerun Dolomite 
(Fig. 4).  The Potosi Dolomite is a fine-grained dolomitized limestone containing 
regionally distributed vuggy porosity that is lined with drusy quartz cements.  The Potosi 
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Dolomite ranges in thickness from 30-300 meters and is thickest in the southern portion 
of the basin.  The Potosi Dolomite can sometimes contain traces of glauconite grains near 
the top and bottom of the unit.  In contrast, the Eminence Dolomite exhibits courser, fine 
to medium grained dolomite rhombs and contains oolitic chert nodules and thin sandstone 
lenses.  The Eminence Dolomite conformably overlies the Potosi Dolomite, which does 
not include as much sand content and is therefore thought of as more “pure” (Kolata and 
Nimz, 2010).  However, where the units crop out near Potosi, Missouri, it was not 
possible to locate the contact and the units were observed to be extremely similar.  The 
vuggy porosity was much more evident within the Potosi Dolomite, but porosity can vary 
throughout one rock unit.  Through hand sample and thin section analysis, the oolitic 
chert nodules or sandstone lenses that were noted in the literature were not found within 
the Eminence Dolomite Outcrop behind the Huddle House restaurant (Fig. 10).  
Differentiating the Potosi and Eminence has been a challenge for geologists for many 
years, and the literature is ambiguous often lumping the units together. 
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MATERIALS AND METHODS 
 
Study Sites and Sampling Strategy 
Samples within the Illinois Basin were taken from both outcrop and core (Fig. 1).  
Samples were therefore collected and analyzed from the central portion of the Illinois 
Basin (IBDP well), as well as the southeastern margin of the Illinois Basin (Potosi, 
Missouri). This established a basin-to-margin stratigraphic framework within which to 
correlate the complex paragenetic events. Cores analyzed in this study were provided by 
the ISGS from the IBDP verification well in Decatur, Illinois, which is in the center of 
the basin and were sampled at a depth of 1376-1388 m (4513-4553 ft).  Outcrops were 
sampled from near Potosi, Missouri, in Washington County (Fig. 2 and 3), approximately 
70 miles southwest of St. Louis, Missouri. Two stratigraphic sections within the St. 
Francois Mountain region of the Ozark uplift were measured, which included: (1) a 
Potosi Dolomite outcrop along the southeast side of MO-21 and the junction with MO-47 
(Fig. 8); and (2) a Eminence Dolomite outcrop in the parking lot of the Huddle House 
Restaurant just south of Potosi, Missouri (Fig. 10). 
  
Rock Classification 
 Hand samples, outcrops, and thin sections of the Potosi and Eminence dolomite 
were used in this study.  Thin sections were evaluated under plane-light (PL) and 
cathodoluminscence-light (CL).  The Dunham Classification scheme (Dunham, 1962) 
was used to classify the rocks comprising the Potosi Dolomite and the Eminence 
Dolomite depending on whether the rock is matrix-supported, grain-supported, or if it has 
been recrystallized to the extent that the original fabric is no longer able to be determined.  
The Dunham scheme was used in this study because it is based on a description of the 
rock texture independent of any interpretations of the depositional environment. 
  
Petrographic Analysis 
 A total of 19 hand samples were collected during the fieldwork (Fig. 3). Each 
hand sample was later cut on a water-cooled diamond impregnated circular rock saw 
housed in the basement of the Department of Geology at the University of Illinois 
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Urbana-Champaign. A suite of 26 standard size, 32 μm-thick, polished, uncovered thin 
sections were prepared from these billets by Wagner Petrographic (122 N. 1800 W. Ste. # 
7, Lindon, Utah  84042; http://wagnerpetrographic.com/). Each thin section was scanned 
using a HP Scanjet 4890 scanner and HP Scan Pro software to create a map of each thin 
section on which petrographic observations and descriptions were recorded.   The printed 
photograph maps were marked to easily identify key features of each thin section of the 
Potosi and Eminence Dolomite. Thin sections were initially studied using plane-light on a 
Nikon PhotoPol research-grade microscope for sedimentological interpretations and 
descriptions.   
 The thin sections were then further analyzed using a Zeiss AXIO Zoom V.16 
microscope (Fig. 14).  Petrographic images were taken using a Zeiss AxioCamHRm 
camera using a Lambda 10-3 filter wheel by Sutter Instruments.  All thin sections were 
analyzed inside a motorized cathodoluminescence (CL) X-Y-Z vacuum stage designed 
and built by Dr. Glenn Fried in the Core Facilities at the Institute for Genomic Biology.  
CL stage conditions were regulated by a Reliotron Control by Relion Industries, and 
conditions regulated include: (1) Current = 900-920 mA; (2) Voltage = 6-7kV; and (3) 
Pressure = 30-50mTorr.  All images were captured, saved, and analyzed using Zen 2011 
software.  Adobe Photoshop CS3 was used to analyze the color in CL images.  
Quantitative image analysis of the micrographs were completed using a combination of 
Zen 2011 and Microsoft Powerpoint. 
 CL petrography is completed by bombarding the surface of a polished rock thin 
section with a high-powered beam of electrons (Fig. 15).  Electrons within the sample 
become excited and are promoted to higher valence states (Barker and Kopp, 1991).  As 
they return to their original valence state, a characteristic wavelength of luminescent light 
is emitted.  CL can also be generated by crystal structural defects as well as impurities or 
trace elements in the mineral.  In the case of the Potosi and Eminence Dolomites, CL is 
primarily caused by changes in trace element chemistry of the groundwater that 
precipitated or recrystallized the rock.  In dolomite (CaMg(CO3)2), iron (Fe) and 
manganese (Mn) can both substitute into the dolomite structure for calcium (Ca) or 
magnesium (Mg).  Both valence states of iron are quenchers in CL meaning that they 
show up dark, while manganese is an activator meaning it shows up bright.  Therefore, 
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the brightness of the dolomite provides valuable information about the Mn:Fe ratio of the 
rock.  This ratio comes from the groundwater that caused the dolomitization (Barker and 
Kopp, 1991).   
Unfortunately, quartz CL is not as well understood.  Some quartz CL is due to 
lattice defects in the crystal structure.  Quartz can also have trace element substitution 
with rare Earth elements (REE), and it will luminesce (Barker and Kopp, 1991; Miller, 
2011).  Much like in the dolomites, CL gives valuable information about the iron to 
titanium ratio in quartz cements.  The cement will appear blue when it has a high 
titanium-to-iron ratio and will appear red when it has a low titanium-to-iron ratio (Barker 
and Kopp, 1991). 
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RESULTS 
 
Sedimentology and Stratigraphy 
IBDP Verification Well Core Description 
The Illinois Basin-Decatur Project (IBDP) verification well bore penetrated to the 
Precambrian basement in the center of the Illinois Basin, reaching a maximum depth of 
approximately 2,200 m (7,218 ft; Fig. 1). The Potosi Dolomite (Fig. 5) was sampled at a 
depth of 1376-1388 m (4513-4553 ft; Fig. 6) in this verification well and exhibited 
abundant vuggy porosity commonly lined with zoned, drusy silicate cements (Fig. 7A). 
Circulation was lost while drilling through the Potosi Dolomite within the Late Cambrian 
Knox Formation (Fig. 4), signaled by the disappearance of hundreds of barrels of drilling 
fluid and numerous bit drops. This indicates the presence of large-scale vuggy porosity in 
the subsurface at this stratigraphic horizon (Freiburg, 2011).   
The Potosi and Eminence Dolomites at this location within the center of the 
Illinois Basin are massively bedded, fine-grained (75-200 µm-diameter) crystalline 
dolomitized limestone (Dunham, 1962) that contains abundant drusy quartz cement rims 
lining dissolution vugs (Hayes, 1961).  The color of the Potosi Dolomite ranges from 
dark gray (N3) to medium light gray (N6; Munsell, 2009).  These color variations result 
from the complex diagenetic history and weathering that the Potosi Dolomite has been 
subjected to since its original deposition in the Cambrian more than 500 million years 
ago.  A mottled texture representing small scale replacement events is common 
throughout the core, which was caused by successive events of diagenetic dissolution and 
multiple events of dolomitization.  Digitate stromatolites (Fig. 7B) and burrows (Fig. 7D) 
confirm that the Potosi Dolomite was originally deposited in a shallow marine 
environment. Virtually all primary depositional fabrics have been diagenetically 
overprinted during massive dolomite recrystallization.  Dissolution vugs up to 8 cm in 
diameter riddle the core are frequently interconnected in complex networks.  Dissolution 
voids or vugs are often lined with euhedral, zoned quartz cement that can be up to 700 
µm in thickness.  Pressure solution stylolites (Fig. 7C) are common within the core and 
further add to the conclusion that these rocks are very diagenetically altered.  Micro-
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faults and fracturing is also observed and sometimes are lined with quartz cements.  The 
unlined fractures are thought to be a by-product of drilling. 
  
Potosi, Missouri, Outcrop Descriptions 
Outcrops of the Potosi and Eminence Dolomites in this location at the 
southwestern margin of the Illinois Basin are composed of dark-to-light gray dolomitized 
limestone.  The lithologies are massively bedded and pervasively recrystallized dolomites 
with crystals 100-200 microns in diameter. Some of these crystals exhibit curved (1014) 
crystal faces (baroque dolomites; Gregg and Sibley, 1984). Interconnected dissolution 
vugs ranging from 0.5-6 cm in diameter are common and exhibit extensive quartz 
cementation (Fig. 9). 
Behind the Huddle House Restaurant along MO-21 (Fig. 3), there is an outcrop of 
homogenous, massively bedded dolomite (Fig. 10).  The literature states that this outcrop 
is the Eminence Dolomite, the unit that conformably overlies the Potosi Dolomite and is 
described as a light gray, medium grained, massively bedded dolomite (Freiburg, 2011; 
Hayes, 1961).  During the fieldwork, we were unable to locate the contact.  However, the 
precise nature and location of the contact is unclear throughout the literature.  
Furthermore, changes in color, grain size and extent of dissolution have been insufficient 
in this study to distinguish the Potosi Dolomite from the Eminence Dolomite. A 6 m 
stratigraphic section of dolomitized limestone was measured (Fig. 10) that contained 
some brecciated material with greenish clay-rich and chert-rich bedding horizons. 
Tabular cross-sets were observed in these horizons and were the only depositional fabrics 
found due to extreme diagenesis throughout the field area.   
 
Paragenetic Sequence 
 Plane-light (PL) and CL photomicrographs were analyzed for pore-scale 
stratigraphy and cross-cutting spatial relationships to establish a sequence of paragenetic 
events for the Potosi and Eminence Dolomites.  Detailed analysis of paired PL-CL 
microphotographs permitted the complex paragenetic sequence of the Potosi and 
Eminence Dolomites relative paragenetic sequence based on carbonate fabrics, diagenetic 
crystals, cements, and porosity (Breithaupt, 1849). Two paragenetic sequences were 
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established: one for the IBDP verification well core samples in the center of the Illinois 
Basin, and one for the Potosi, Missouri, outcrop samples on the southwestern margin of 
the Illinois Basin. The paragenetic sequence for both locations is remarkably similar and 
has been grouped into two periods of diagenetic alteration, namely: (1) early burial and 
dolomitization; and (2) quartz cementation.   
 (1) Early burial and dolomitization: The first sequence of post-depositional 
diagenesis produced cloudy center, clear-rimmed (CCCR; Gregg and Sibley, 1984) 
euhedral dolomite rhombohedrals ranging in diameter from 250-550 µm (Fig. 12).  
CCCR is created when preexisting carbonate is recrystallized to dolomite resulting in a 
density and volume change (Gregg and Sibley, 1984; Dwyer, 2011).  Since dolomite is 
significantly denser, void space is created around the edges of the new dolomite 
rhombohedra.  The cloudiness of the rhombohedral core is due to fragments of 
preexisting carbonate that is incorporated into the dolomite during recrystallization 
(Gregg and Sibley, 1984).  Each crystal exhibits a dark-CL, mottled, mauve-colored core 
(RD1) surrounded by a generation of bright CL, red-colored, concentrically-zoned 
dolomite (DC1) engulfed in a dark CL, maroon dolomite cement (DC2).   Dissolution 
vugs riddle all three types of dolomite implying that dissolution was the next paragenetic 
event due to cross-cutting relationships.  These dissolution voids are either filled with a 
non-CL replacement calcite (CC1) or a bright orange CL, concentrically zoned 
replacement dolomite (RD2). It is unclear whether CC1 or RD2 was precipitated first, 
and dissolution could have reoccurred or have continued between CC1 and RD2 
depositions. 
(2) Quartz Cementation: Columnar, euhedral 250 µm to 1cm long quartz cement 
crystals grow as drusy rims within dissolution voids and vugs. Seven CL-defined 
generations of quartz cementation have been observed (Fig. 13), which include: (1) 190-
210 µm-thick CL dark maroon cement; (2) 95-175 µm-thick bright red CL cement with 
multiple concentrically zoned CL bright defined zones; (3) 30-50 µm-thick dark maroon 
CL cement; (4) 200-225 µm-thick cement that is a dark CL maroon in color with some 
light red zones; (5) 85-100 µm-thick dark red CL cement with no concentric zonations; 
(6) 80-105 µm-thick dark maroon CL cement; and (7) 50-100 µm-thick dark maroon CL 
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cement with some hexagonal quartz crystals protruding into the pore space. Paragenesis 
(Fig. 11) concludes with a fracturing event that cross cuts all the silicate cementations.  
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DISCUSSION  
 
 
 The paragenetic sequence observed in the Potosi and Eminence Dolomites has 
been controlled by a combination of factors, including: (1) the environment of deposition 
in shallow marine environments; (2) the original mineralogy and facies of these 
sedimentary rock deposits; (3) the properties of the subsurface diagenetic water including 
temperature, timing, and composition; (4) the petrographic products of diagenesis and 
subsurface water-rock interaction; and (5) the regional tectonics of the Illinois Basin.  All 
of these factors combine to form a complex evolutionary history of changes in 
permeability and porosity for the Potosi and Eminence Dolomites during the course of 
their burial history.  In the following interpretations, the paragenetic sequence as 
established with high-resolution PL-CL petrography, is integrated with depositional and 
diagenetic interpretations previously interpreted for Paleozoic deposits of the Illinois 
Basin.  This synthesis is used to place valuable contraints on the history of deposition, 
dolomitization, dissolution and quartz cementation of the Potosi and Eminence 
Dolomites. 
 
Differentiation of the Potosi and Eminence Dolomites  
The Potosi and Eminence Dolomites are difficult to differentiate from one 
another. The only possible diagnostic feature that has been used is the vuggy porosity in 
the Potosi dolomite (Freiburg, 2011; Kolata and Nimz, 2010).  The literature is unclear 
on the exact differences other than a slight color change or minimal grain size variation 
(Freiburg, 2011; Kolata and Nimz, 2010).  After field analysis from near Potosi, 
Missouri, hand sample examination and high-resolution PL and CL microscopy, I have 
yet to find something that undeniably differentiates the two units.  Therefore, it has been 
difficult to evaluate and identify the contact between the two.  Many sources simply 
combine the two together, but state that they are differentiated based on porosity (Kolata 
and Nimz, 2010).  Isopach maps of the individual units could never be located, except 
where the two units are combined together (Bohm, 1981).  For the purposes of this study, 
the Potosi and Eminence have been treated as a single unit. However, future more 
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extensive may yield diagnostic sedimentary, stratigraphic, petrographic and geochemical 
features for their distinction. 
 
Depositional History 
 The Potosi and Eminence Dolomites are massively bedded, fine-to-medium 
grained, crystalline dolomite (Hayes, 1961; Freiburg, 2011; Dunham, 1962).  The Potosi 
Dolomite is named after the town of Potosi, Missouri, around which extensive outcrops 
occur.  The Potosi and Eminence Dolomites are noted for containing large-to-small 
cavities or dissolution vugs lined with drusy quartz (Fig. 9), which is the diagnostic 
feature used in the field and subsurface to identify these units. Both units are interpreted 
to have been deposited in shallow marine environments (Kolata and Nimz, 2010; Hayes, 
1961; Freiburg, 2011).   
 Analysis in the present study of the Potosi and Eminence Dolomites in the IBDP 
verification well core is consistent with their deposition in shallow marine environments.  
Digitate stromatolites are observed that exhibit columnar morphologies and soft sediment 
burrows are common (Fig. 7B, 7D).  However, these depositional features were not 
observed in the more shallow water outcrops at the southwestern margin of the Illinois 
Basin near Potosi, Missouri.    
In northern Illinois, fossilized cryptozoan algal structures have been found in 
outcrop displaying as colonies of irregular-to-crescent shaped bodies (Willman and 
Templeton, 1951).  Trilobites have also been observed in outcrop, further implying that 
the Potosi and Eminence were deposited in shallow marine environment and blanketed 
much of the Illinois Basin (Kolata and Nimz, 2010; Willman and Templeton, 1951). 
Diagenesis has resulted in nearly 100% alteration and recrystallization of these primary 
depositional textures. 
  
Burial History 
 Since the time of shallow marine deposition in the Cambrian, the Potosi and 
Eminence Dolomites have undergone a complex diagenetic history associated with the 
regional tectonics of the Illinois Basin.  Although there are numerous interpretations of 
the subsidence of Paleozoic deposits in the Illinois Basin (Fig. 16; Hyodo et al., 2012; 
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Pollington et al., 2011; Miller, 2011;  Makowitz and Lander, 2006; Fishman, 1997; 
Pitman et al., 1997), all of them follow a similar trend.  The rocks were deposited at the 
surface during the Cambrian in a shallow marine environment (Freiburg, 2011; Kolata 
and Nimz, 2010) and then were buried during ongoing subsidence.  Sudsidence continued 
until approximately 250 million years before present at the end of the Paleozoic, reaching 
maximum burial depths of 2 to 3 km (Fig. 16; Hyodo et al., 2012; Pollington et al., 2011; 
Miller, 2011; Makowitz and Lander, 2006; Fishman, 1997; Pitman et al., 1997).  At the 
onset of the Mesozoic, uplift and erosion began that simultaneously decreased the 
pressure and temperature to which the Potosi and Eminence were subjected (Fishman, 
1997; Hyodo et al., 2012; Makowitz and Lander; 2006; Miller, 2011; Pitman et al., 1997; 
Fig. 16). 
  
Dolomitization History 
 Dolomite rhombohedra within the Potosi and Eminence Dolomites consistently 
exhibit a cloudy crystal core surrounded by a clear, encrusted by a concentrically zoned 
cement rim.  This texture that is common within the Illinois Basin is referred to as 
cloudy-center, clear-rimmed (CCCR; Gregg and Sibley, 1984) rhombohedra.  The 
dolomitization history of the Potosi and Eminence Dolomites begins with CCCR, which 
is caused by a density increase when recrystallizing from carbonate limestone to 
dolomite.  As the grain recrystallizes, preexisting fragments of the existing limestone get 
included into the core causing the cloudy appearance.  The increased density of the grain 
causes void space to be left around the margins where more pure, clear dolomite cement 
is precipitated (Gregg and Sibley, 1984). 
 CCCR (Gregg and Sibley, 1984) was observed in both the outcrop and core thin 
sections (Fig. 12). Dolomites are likely to repeatedly undergo precipitation and 
replacement to strive to find the most thermodynamically stable state especially rocks 
that were deposited in the Cambrian (Dwyer, 2011; Cander, 1988; 1994; Montanez, 
1992; Whitaker, 2010).   During petrographic analysis, a mottling texture represented this 
process of small-scale dissolution and/or replacement that was later occupied by RD2 and 
CC1 (Fig. 11). 
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Dissolution History 
The only potential diagnostic feature at this time to differentiate the Potosi from 
the Eminence Dolomite is increased vuggy porosity (Freiburg, 2011; Kolata and Nimz, 
2010).  This increased porosity implies that the Eminence is acting as the percolation 
zone in the karst profile meaning that it allows vertical diagenetic fluid movement 
through preexisting fractures or permeability pathways (Leetaru, 2013).  The Potosi 
Dolomite would then be the lenticular or upper phreatic zone in the karst profile where 
most of the karst or vuggy porosity was produced (Leetaru, 2013).  Karst is the net loss of 
calcium carbonate due to dissolution by subsurface waters that often occurs in wet, warm 
climates.  Karst does not occur in rocks that fluids can easily permeate, but rather rocks 
similar to the Potosi Dolomite that are fine-grained, dense and rather impermeable 
(Leetaru, 2013).  
 
Quartz Cementation History 
Seven distinct CL-defined generations of quartz (SiO2) cements have been 
identified in the paragenetic sequence described above (QC1-7; Fig. 11).  Each 
generation of quartz cement directly reflects changes groundwater geochemical 
composition and/or temperature changes during diagenetic precipitation (Freiburg, 2011; 
Hyodo et al., 2012; Pollington et al., 2011).All seven cements (Fig. 13) exhibit maroon to 
red CL, which possibility is caused by a low titanium-to-iron ratio within the quartz 
(Barker and Kopp, 1991).  QC1 and QC2 are similar in color, thickness, crystal habit, and 
CL between the Potosi and Eminence outcrops and IBDP core samples.  However, QC3 
and QC4 in the outcrop samples have more light colored zonations than QC3 and QC4 in 
the core samples (Fig. 12).  The light colored concentric CL zonations suggest slight 
changes in groundwater composition or temperature. QC5, QC6 and QC7 are similar 
between the outcrop and core, but have slightly different thicknesses.  
New isotope sample preparation and analysis techniques conducted by Dr. John 
Valley and his research group at the University of Wisconsin-Madison allow for greater 
accuracy and precision when looking at individual quartz cements or overgrowths than 
ever before. These techniques produced the newest and most spatially high-resolution 
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research on the Cambrian strata in the Illinois Basin (Hyodo et al., 2012).  Prior to this 
work, only one in-situ oxygen isotope study on diagenetic quartz cements has been 
conducted in the Illinois Basin (Chen et al., 2001, Pollington et al., 2011).  Chen et al. 
(2001) concluded that the individual cements within the Cambrian Mt. Simon Sandstone 
were homogenous in δ18O throughout the 11 samples analyzed.  Fortunately, new work 
has shown that within the Early-Cambrian Mt. Simon sandstone, δ18O gradients within 
single quartz overgrowths exist and they could not be measured previously due to 
measurement procedures and instrumentation (Pollington et al., 2011).  Similar results 
from the Eau Claire Formation have been obtained, which overlies the Mt. Simon (Hyodo 
et al., 2012).   
Previous methods required that the quartz cements must be separated using 
mechanical or chemical techniques such as crushing, ultrasonic separation, or HF-
treatment.  This disables the in-situ analysis that provides vital information within a 
continuous cement generation, and it loses all zoning fabrics (Hyodo, 2012; Pollington, 
2011). The latest work on the Eau Claire Formation used 11 samples from four cores in 
Wisconsin and Illinois. Samples were measured for oxygen isotope ratios of detrital 
quartz and authigenic quartz overgrowths. The new precision allowed multiple analyses 
per quartz cement (Hyodo et al., 2011).  The combined Mt. Simon Sandstone and Eau 
Claire Sandstone yield δ18O ratios ranging from 28 to 18‰ VSMOW. The youngest or 
earliest cement closest to the boundary with the detrital grains has consistently higher 
δ18O values than the older cements that are more centered in the pore space or vug space.  
Both the Mt. Simon Sandstone and the Eau Claire Formation show this trend of 
decreasing δ18O values when sampling from youngest to oldest cements although the 
magnitude is a bit variable.  This trend has been recorded in all Cambrian strata sampled 
to date from within the Illinois Basin (Hyodo et al., 2012, Pollington et al., 2011).   
The source of the silicate cement, more specifically the source of the diagenetic 
waters that deposited the quartz cement is a key interest of the project.  Biogenic silica is 
not an alternative source due to the Cambrian age.  The probable source of the SiO2 rich 
waters was due to release during pressure solution in the underlying sandstone units.  
This hypothesis would also align with the burial history of the Illinois Basin (Fig. 16; 
Hyodo et al., 2012; Pollington et al., 2011; Miller, 2011; Makowitz and Lander, 2006; 
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Fishman, 1997; Pitman et al., 1997) due to pressure solution effects increasing with depth 
up to 2.4 km.  Due to Δ18O (δ18OEarly- δ18OLate ) being a positive value for all Cambrian 
strata tested, either temperature was increasing as the cements were precipitated or that 
there was a δ18O decrease in the diagenetic fluid (Hyodo, 2012; Pollington, 2011).  Since 
water δ18O value shouldn’t shift that drastically during continuous burial, increased 
temperature is more likely. By applying a geotherm of 30° C/km, oxygen isotope data  
was correlated with temperature to provide depth predictions (Hyodo et al., 2012; 
Pollington, 2011).  
Oxygen isotopic analyses and ensuing interpretations about the Mt. Simon and 
Eau Claire formations have been made previously stating that the quartz cements were 
deposited during increasing temperature from 38 to 103°C between 250 to 450 million 
years ago respectively (Hyodo et al., 2011).   The increasing temperature correlates to 
increasing depth on the burial history curve during subsidence of the Illinois Basin from 1 
to 2.4 km (Fig. 16; Hyodo et al., 2012; Pollington et al., 2011; Miller, 2011; Makowitz 
and Lander, 2006; Fishman, 1997; Pitman et al., 1997). Analysis on the core samples 
from the Potosi and Eminence reveal multiple pressure solution stylolites (Fig. 7C).  The 
presence of stylolites implies that pressure was great enough in the Potosi and Eminence 
Dolomite for pressure solution to occur.  The silica source could be pressure solution 
fluids from underlying quartz-rich units like the Mt. Simon or Eau Claire sandstone that 
most likely flowed through all of the Cambrian strata (Hyodo et al., 2012; Pollington et 
al., 2011). 
 By utilizing this constraint for quartz precipitation  that the quartz precipitated 
between 250-450 million years ago (Hyodo; 2011; Pollington, 2011), the burial curve 
(Fig. 16; Hyodo et al., 2012; Pollington et al., 2011; Miller, 2011; Makowitz and Lander, 
2006; Fishman, 1997; Pitman et al., 1997) provides an important framework for the 
relative timing of dolomitization and dissolution within the Potosi and Eminence 
Dolomites.  The timing of quartz cementation implies that dolomitization and dissolution 
had to have occurred between Cambrian deposition and the start of the quartz 
cementation at 450 million years ago.  This leaves approximately a 50 million year period 
for the dolomitization and dissolution to have occurred at relatively shallow burial depths 
of up to approximately 1 km and temperatures ranging from 25 to 38°C. This conclusion 
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further aligns with the previous literature, as most dolomitization events in the Paleozoic 
strata of the Illinois Basin have been interpreted as early mixing zone and shallow burial 
events (Cander et al. 1988; Choquette and Steinen, 1986). 
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CONCLUSION 
 
A study was undertaken to evaluate the sedimentology, stratigraphy and 
paragenesis of the Potosi and Eminence Dolomites within the Illinois Basin. This work 
was completed in outcrop, core, hand sample, and thin section.  A complete paragenetic 
sequence of events (Fig. 11) was established for these Cambrian dolomites that sheds 
new light on the diagenetic fluid properties that drove the evolution of permeability and 
porosity.   The results indicate a regionally widespread, vuggy porosity (Freiburg, 2011; 
Kolata and Nimz, 2010; Hayes, 1961) has been at least partially occluded by seven 
generations of early-stage, drusy quartz cements.  
 Two sample locations were selected for this study because of their location within 
the Illinois Basin (Fig. 1).  The include: (1) the IBDP Decatur, IL verification well core 
samples in the center of the Illinois Basin, collected from subsurface depths between 
1376-1388 m (4513-4553 ft); and (2) Potosi, Missouri, outcrop samples from the surface 
near the margin of the basin.  The Potosi and Eminence Dolomites are massively bedded, 
recrystallized, fine-to-medium grained dolomitized limestone (Freiburg, 2011; Kolata and 
Nimz, 2010; Hayes, 1961).  Marine limestone deposition in the late-Cambrian is 
indicated by the presence of digitate stromatolites (Fig. 7B) and burrow features (Fig. 
7D) observed in core analysis.  Marine limestone deposition was followed by early 
dolomitization during subsidence in the Paleozoic to a depth of 2.4 km (Hyodo et al., 
2012; Pollington et al., 2011).  Dissolution vugs are common and cross-cut the dolomite 
rhombohedra (Fig. 12) indicating that dissolution post-dates dolomitization.   
A suite of 26 standard size, 32 μm-thick, polished, uncovered thin sections were 
analyzed using high-resolution PL and CL microscopy.  Early dolomitization produced 
CCCR rhombohedra (Gregg and Sibley, 1984) that were later riddled with mottling and 
dissolution features (Fig. 12).  Euhedral, drusy quartz cements were precipitated inside 
dissolution vug networks (Fig. 9) severely reducing the permeability and porosity and 
were qualitatively observed during petrographic analysis (Fig. 13).  Seven CL-defined 
generations of quartz cements represent groundwater composition and temperature 
changes.   
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Quartz cementation occurred between 450-250 million years ago during 
subsidence from depths 1 to 2.4 km and temperatures 38 to 103°C respectively that 
concluded at the beginning of the Mesozoic (Hyodo, 2012; Pollington, 2011).  Timing of 
quartz cementation provides valuable framework for the timing, temperature, and depth 
of all events during subsurface alteration when correlated with the burial history curve for 
the central Illinois Basin (Fig 16).  Dolomitization and dissolution must have occurred 
after deposition in the Late Cambrian and prior to the onset of quartz cementation at 450 
million years ago suggesting depths of up to 1 km and temperatures between 25-38°C 
(Hyodo et al., 2012; Pollington et al., 2011; Miller, 2011; Makowitz and Lander, 2006; 
Fishman, 1997; Pitman et al., 1997). The source of the silica rich waters is suggested as 
byproduct of pressure solution of underlying quartz-rich sandstones that were forced into 
the groundwater due to compaction with increased depth and pressure (Hyodo, 2012; 
Pollington 2011).  Stylolites (Fig. 7C) observed in the IBDP Verification well core 
samples indicate that pressure was great enough for this phenomena to occur and the 
burial history of the Illinois Basin further confirms that pressure was increasing with 
subsidence until the end of the Paleozoic (Fig. 16; Hyodo et al., 2012; Pollington et al., 
2011; Miller, 2011; Makowitz and Lander, 2006; Fishman, 1997; Pitman et al., 1997). 
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FIGURES 
 
 
 
 
 
  
 
  
Figure 1. Geographic map of the Illinois Basin (modified after Buschbach, 1990) 
showing the locations of the Decatur, IL verification well and Potosi, Missouri, outcrops 
(modified from Kolata and Nimz, 2011, and Dwyer, 2011). 
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Figure 2. Geographic map showing the location of the Potosi, Missouri, outcrops and the 
IBDP verification well. 
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Figure 3. Geographic map showing the outcrop locations that were studied near Potosi, 
Missouri: (1) Outcrop on the southeast side of the road at the Junction of MO-21 and 
MO-47, and (2) Outcrop in the parking lot of the Huddle House restaurant just south of 
Potosi. 
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Figure 4. Cambro-Ordovician stratigraphic column of the Illinois Basin showing the 
Potosi and Eminence units highlighted in gray (modified from Hayes, 1961). 
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Figure 5. Stratigraphic section of the measured core samples from the ISGS IBDP 
verification well with described key features. 
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Figure 6. Photograph of the Potosi Dolomite core samples from the Decatur, Ilinois, 
verification well in Macon County, Illinois. 
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Figure 7. Hand sample photographs of key features observed in the IBDP verification 
well core samples of the Potosi Dolomite. A. Dissolution vug showing the drusy quartz 
with multiple generations; B. Digitate stromatolites at depth 4525 ft; C. Pressure solution 
stylolite; D. Soft sediment marine burrows. 
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Figure 8. Stratigraphic column and image of the outcrop at the junction of MO-21 and 
MO-47 displaying interconnected vug networks lined with quartz druse. 
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Figure 9. Image from the Potosi Dolomite outcrop on the southeast side of MO-21 at the 
junction with MO-47 showing an interconnected dissolution vug network lined with 
quartz cement. 
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Figure 10. Stratigraphic column and image of the Eminence Dolomite outcrop from 
behind the Huddle House Restaurant just south of Potosi, MO along MO-21. 
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Figure 11. Paragenetic sequence for the Cambrian Potosi and Eminence Dolomites 
shown by relative age from early to late. 
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Figure 12. Cloudy-center, clear-rimmed (CCCR) dolomite rhombohedra observed in 
paired PL and CL photomicrograph images from samples collected from the outcrop at 
the MO-21 and MO-47 junction near Potosi, Missouri (left two pictures) and the IBDP 
verification well at a burial depth of 4524 ft (right two pictures). 
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Figure 13. Paired PL and CL photomicrograph images of quartz cements lining 
dissolution vugs from the MO-21 and MO-47 junction outcrop samples near Potosi, 
Missouri (left two images) and the IBDP verification well core samples (right two 
images). 
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Figure 14. Photograph of the Zeiss AXIO Zoom V.16 microscope and stage used for all 
micrographs located in the Core Facilities at the Institute for Genomic Biology.  
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Figure 15. Schematic of cathodoluminsescence (CL) microscopy (modified from Barker 
and Kopp, 1991). 
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Figure 16. Burial history curve with the timing of events of quartz cementation 
interpreted by multiple authors for Early Paleozoic strata in the central portion of the 
Illinois Basin. 
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TABLES 
 
 
 
  
Table 1. Sedimentological description and mineralogical composition of each 
event comprising the combined paragenetic sequence presented in Figure 13. 
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